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The DYwwaorb fegUnt wly in h

L0Wkhv"-I.n0eerUWn Laboratary, is adaptable to

maNY S spIce-ions as a ebock absorber or load

limiter. Designi procedures based an previously I 1i
report~ed datt are described, and severea typical

ins t,~Uatio"a are iflwtrated., i
This report is sul~itted In fulf!llr-nt of

* ~the reporting requireweats of a 1963 Ind?!vndeat L
DeWUlopmot Project, Thergy Atsorptioin Products."
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Alt bough the DynAuorb Uniit can be

w~i.pted to alwat every nreed for aae shot

erergy ebsorption. it require. cctxaid~erable

detailjed design. DesgMi prccedure. and

3i1mitatioa.B are discussed. Several

1.llus-tratimc'o. f typical installations are

s:Lwu. This =mit cani be uned ca a m-ult±- le

purwpose load :lfrsitcr, ea. a one shat 1lnd-

ing device, or for creaa safety applcations.
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DESIG PROCOEiME M(R TM~ DYNASOM 1!I0WO ABSMM~

The efficilent Dynssorb incthod of absorbing enr gy ta be used for

one-sbot landing devices, for crash safety, and for load lixiting.

This principle, in essazne, consists of c nsuming a tube -mrm one end.,

and thereby maintaining the tubet original strength as a eo1'.in. The

load level can be pre-set at a icrd stress that peruits long colimm

con~ditions or it. can be pre-set to work the tube near Its yield

strength. The latter method to more effic !eat fr,.---. atret gth

to weight atraxlpoint but the length vr'.t be !.n the ahrwt cilum range.

The tube is con31zmed ty splittinC f'rom onae end to form ribbons

cwue these splits progress only as fast as th,! tube in pu.%hod thro W-h

the control rings tbt tube mraintains or i:-prov'es itn coluza streagta.

The initial dev:elo~pment &nd testb on scveral hundred tubes ar*

described in References 1, 3 and 4. This report reviews tL,b. data

from this referenced material sad describes basic design procedures

A typical tube end with Inner &nd outer ripse is shown in Figure 1.

The tube is Initially alit a short dIrtance to aasnure thnt the esplft-

pt ting &ad ribbon formation witll- devielop In a 'zniform pattern. Tbe

limier ring derves as a guide, oxpeader, splitter and ribbon eurler.

The outer ring regulates the tube load by the ezom~t of "squ~eeze" it

puts on the tube. Ther-efore, to identify the rings with their respective

functions, the outer ring is called the "control" ring and the inner

ring 1s called t'e asplitter" ring.
I_ _ _ __ _ _ _ _ _ _ _ _ _ _ _
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A typical tube with rolled up ribbons is shown In Figure 2. This

tube is soinin after test sand represents the basic Dynaaorb umn~t vithout

the aecessary end fittinsa for use in a labiIng device. There are

many variations for end fittings that will depemd upon each particular

appd1cation. It Is apparent that little or no .*mi fitting~ detail would

b- required for "guided mans" oprlcstiona.

The tube Is designed In the couvent tonail maner to tak~e te maxdimum

expected load. The optizmu thick~ness, diameter sAi material are

chosen to match the required loa ami travel le~agtb. This tube Is

coasliaered I% pirL-emldec column in most cases. The splitting end Luztj

alvays be treated as pin-ended. The othe~r end may have monent carry-

ing capability built into it If this is wa~rranted by the particular

h design application.

In nay design the total kinetic energy to be absorbed Is )uaovn or

assumned ina nevaace, and the d~issipationofa this energy can be achieved

only by the decelerating force Integrated over the travel distance.

If one or the other of these two factors is altered, the other wit be

adjusetd to n.'.et the equillibrii.= requirements of a given enero ir~ut.

Iinobvtous, therefore, that the rainizi travel distance will be

ia all cases, since thin necesseu-fly implies that a "Jerk" will occur

at the beginning and at the eul cf the atroke.

The number of initial. slita cut in the tube is rat critical. It

rCaw 4020
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=au- be at Least I end need ast exceed 16. The tube Usmeter will

have sa bearing o the number o• alitA. b amd 16 elite wcrkei equally

wiell in 2 inch dimeter tubes and 16 elite vare quite satisfactoryr in

a 10 inch dimeter tube.

The total energy absorbed is made -;p of t1=ee parts, the ener•y

requlred to split the tube, the energ7 required to ccupreas and bend

the ribbons, and the energy required to overcome thk friction of the

ng on the tube and ribbons. There is no simple method of separating

Sthose three ecOrgy fonao beewme the increased force caused by tighter

ar-ap iare. both the degree of material deformatlon mnd the friction.
I

s. . simpiest arxinieenat fcr 1w, ene-rbj absorption is the tube

s plit" w with on control ring. In this caee the splitter sbhow

in Figure 3 Is used. This splitter hasa a traight guide portion and

a cqnmLeal Vase. "w• babe angle is usalyzO]. 4•50 but may be Wq.A frm
150 to 750. The slope of th base effects the diameter or the ribbon

cotls end t-wough then the stacit of I -,ce on the tube.

The mort, sophisticat--d ring shown in Figure 4 is usually used with

a control ring. It cousista of an upper guide pcrtion that elips

Into the tube, blending into a olapiug come whioh serves to expand the

tube eand control ring so they will pass over the larger dianeter of

the splitter; the straight swelled portion reacts the squ~ezig force

cf the controa rig, and flaaly, the base cove providea a smooth

bearing surface for the ribbon coils. This ring is a defnite st_-uct-

ui el member which must be designed in scCordance with the mmimai

expected load in the tube. It aiso must inc-orporate a fitting attach-

ment for a particular structure or landing foot.

1,46. 407-
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7he control ring can be a adn~le band fo low by erig use as abowm

in (a) of Figure 5.* This ring does not pe~rform quite as veil an

type (b) sad is used onliy vhere cost is of major L~ortance. Type (b)

has a bottom radius designed to match the curvture! of tbc ribbon coil.

In this case the objective is to provide a L'earing surface as large as

po3sible to vdidiwize the outward foitce exerted an the bottom or the

ring by the moving r.0hcns. The control riarg is stretched past its

yield point by the splitter ring. This yiele-Ing establUishes a kncwin

equeete force thc-t. can be ,w.ied as desiezx data. it also allows for

ressoasble l1.m1ts on rnAnufiicturing tolerances of the rings sad tubc

without appreciably cha.,. this *squcezc foerce. The unxiting force

is a direct functi~on of' the cross sectionntl area and yield atrvewjth of

the ring.

The i'uactional role or the control rini is to restrain the tube just

of doing thiL. and stil~l roll up thot ribbonsB. Rszq diiferent qpwillbe@

of such a h atrn aqýpn foce.aa Hoever, the re-m cw:ontero ring.

ore bused on this concept,

Tun DESIGN

Although~ design and choice of the energy' tube follo~'s ccaventiorAal

practice, there ure a few cnaracteristica that -~pply directly to this

use. Standard1 tubos %ay not be available in the size anc msaterial

fOula 4020



desired. A tu~be made from 'w~et material can yerform as well as a

standardi tube It the veld bead Is machined or~ growdu fluish with tbhe

suirface of the puwtzt metal.

Th. critical loot-a bucklin.i7 or coluka struigth c.. the tube defines

the Wyler load limit tW to the tube yield strengta. This optimms tube

Is defined by equiations 10, UD 12 and 13 of Rer. 1. Tbeze equations

are repeated beloy:

Fe ,cpT2 Irý /3 (1.)

F-)1/ (2) i
t (3)

t _____ (4)

Equation (4) iv uaed ouk, whenl Fe of equetion (1) reaches Pay, an

equation (1) is limited to values below Fcy. Equation (2) Is valid

only for the radiua when Fc Is lessn than F,. or for the mintasi radius

for coluin stability. Equations 1, 2 and 3 are plotted ta k'igui-s 6,

7 sand8 for easy vicu~aization of the limits..

Tbupper and lower otres~. le-vZ.s 3f the different materials are

shova In Table 1, page 2'4 . TkW Table is takfm frein Reft. 3 and Is

based upon the tests described in that report. 13omewbst lower stress

levels i.&a be used if no control ring Is used and it the slor- of theIi ~bass I@ very wt*". Turther redciuotu could be achieved hy deep scoring

of tbs tube to cut ths, splitting resist~mat to a mInizmn.

V-e ro !~tr 4tfinition of~ symbc's.
L~

__o ______
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Thr~ee of these mat~erias u~a to be Secoae 1= ICU case toisr srl

L .plittW sod wiIX ru ribbon widths. *Tbae. three PUstezialar~e copperv

in6DeaiI an titenims. The cogper tuabes vplt straight withouzt acorifl8

Wttew4. edt stop and the ribbcxus.beemo too vi~ub. The magnesiium

vp if the railius, of cvwwat~we of the ribbons -a -11. A cacoz.d tax sjiýt~a

L straight with.a swl1 scalloped adge onthe ribhbns sisi siai] =Ilbad raillus.

Titmiu qsit% :inan i rregular sballov spiral. It awat be wcored 'or good

result&. In all tbree usterials the ecored lin~s shouldA have %, depth cf

rm Into the cod of the starting splits, en ertaMi the f'ull lenugth of

a'rsjlable travel.

Ccmpwrative e-fricime-ies of tbat dL-ercut mazterials are uterul3 ins a

searcii rorr ze iigheww welcm. of c"Arre tLere are kznzy or'týr thinSI't

Tabe eigb, v L : ~n L for =it lt~cth

subs+tvttiztg for Fc frowEquation 1.

vj lw i or f-L vbea F,: Fcy

Th'.fer-, tho sanhp a, 4, v% h me h., .- 4 V .

or r~ v t(6)ml

rra Xqatou 5)the encleuy ratios mr:

Mage.Iixa 10

-87
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Titarnuts .71Tb o .652

Steel - .615I Breass: .414

Coppe -3W

Frco Equation 6 the effi iency L-atloe will all be 1 vheu Pe(z) Let

Magesium : a 31000 pei
Amnum : 1.56 Fcy(Mag.) = 4850 Pe

iTita, su• : (2.5 to 2.73)Fcyr(mag.) : 77500 to %500 Psi

Steel : '4.143 rcy(0ag.) : 13700o psi.

Brass 14.60 Fc mae.) : 114iO Pei

Copper 4.97 Fcy(mXa4 .) 19r4"0 psi.

A in more eficieat tarman m eelum for stress levels above 48,500.

Titanium iz more efficient above 77,c0O psi, and N*.el ab- e 137,000 psm,.

The bending atiffeess of the ribbor-s is a major factor in the

steady load level of the tube. This stLhuebs can be chaenged by clomngig

the initial coil dimseter, vhhic in turn can be wccoplisbed by changin•

the slope or the splitter base or the cove r*Uum an the splitter base.

Sose of the tests described in Ref, 3 were run without control

rump and ivth different clopes of the eTlitter bases. The ralius of

cuwatte of t e ribbons were noted as well as the memn =ial atreas.

This data h•*t beer. plotted in Figure 9 of this report. Whr R is ti•

coil, radius to the center of" the r•.bbon thickness, t is the tube thiLck-

ness, end PC is ^.he memn coaressive s'%resn ln the tube required to

spllt "nd roll % the tube vithout a control ring. Of the U1 material&

abw, 5 6ad points (,it o line. The others fit the 3 or I pointo quite

vell. Zun every ase but onn the thicnees wsu to ame for every test

fop *0Z0O

' V . a s. ."a
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point in each maaerial * TIM me exceptlan wVd 1015 stool wbere mne

point was obt.~a& - te rom .test Of a tuiba vith a 3.0 inch outside diameter

em a wall1 thickness of .25 inches. The other 3 points amma frr 2 inch
b., .0l&9 luch tubes.

The general equat~ion for these curveb Let

7y X C (7)

where C is different for each material.

Since theme curves, as abo7a, are basei an a very lifited number

of test points, accur-ate dstiaitior of t~he cmycs requires additional test

eata. However, the cmves Lndlcate the relative 1--vd of stress developed

spl.itting resieteace s0 thve high a region sho-.ad re, 1' -,t tioe splitting,

streas thma bend~ing. Also a rodius of % wouald be the absolute min±#.fI ~ becaume thi radius reecizca half vWa t4-rough the tW~cknaoss A practicalI j limit vould *%e m~e like 3t- A small radius of cnryature can cPI.Y be

'~achieve with the ed' or a control ring to force the ribbone to match

the cove radius of the spli1tter.

I ~cont&a~ta fLMT UA6 qu'i~raUL mmSiuau nave been caculated sm

the 'ezastioas for the curves of Figure 9 are given below:

AZ-31D Magnesium Fc (6000 tr-20 11
AI~nntmmoy c :cP~r 2(A.1~ ~ ~~14 __ __0_ _ __ __0_ _

_ _ _ _ _ _ _ _ _Al.
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,4130 Steel HT. 120,000
pal F 0

O4130 Steel K.T.

"16o,ooC pal Fe " 16 063 (15)

,Ti-tan (un -.1loyd) rc : ,94 (1.0)1 536 (16)

6 AL WV Titanium Alloy Fc :.h03 (10o9 t) ' (17)

MSTIrM OF SPLITL 
RIO

T hq e g p l t t~ e r r i n w i l I n co r po r a t e a r i~ t tl rv n e e e d fro " s t t w ci t

to tha toot, skid rt tuete. Only t parti need to f

the requremens for Dynarb will be cosdered here. Thl ring

normally be made ofhadselbtcnbmaeoohr tris

asl veil.

The guide portion must either be long ewugb to sustala eak wawt

Sor" be rounded sufficiently that it vU1 cat gouge the side of the tube.

See FiCures 3 and 1,. The latter case viii be berit if the vhole ring

cea be held in position, othervise its height ahould be about 1/4• the

tube diameter. TVe roinded top and short Spide cea only be uced on

shcrt coluwn. If the guide Is not eubjected to bend•nZ It vill c-x-

perienco no load end can be ve-y thin. Good practice suggects a thickness

e.qal to or greater tbaa the tube tbi.obaes.

Th gsposaw cone w*Xe shruli be nfl se t-ha fow deirreee

so tho friotion coefficient bwtwv the ouet r1.njv and tube will be

prester tb te slope Of the 0p2sa•der cooc. Upanal.oj

ro am2

[~~~-0 u., w;:'.•

k-
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should be enwovg to positivel.y yield the contr-ol ring. Mhs meansf

it mus.t mered olosUic deflection by at least 2%. A oooastryt~ive

approach assume@ the .l"tt. deflection of the splitter ring so equal

to the aelstii d~efle.ction of the control ring. The minimum diamoeter

of the eveiled portion of the oplitter let

Do -D..2t #2DFe .0O2D : D (l.0+ijcX..) -2t (2.8)

The thickness of this portion of the splittor ring =ast be such

that it will not yield or buckle imde the squeezing action of thej control ring and tube. The boop tension stress !z the control ring

is equal to Ito yiel stress. Likevise the tube vdll have a kboop st~rros

--qual to its yield str,2gth over a chort lengta. This last saet-M.Cat

is subjoct t~o smae doubrt because the &vas of the splits exten

ell[ght2.y under the control ring so the effective lcu~gtb of tube being

stretchedi to yield is uncertain. Ecjve-.er, an ex: t vanlue A~s not noeded

as long &a it Is near the correct one. The des..1 coapressive radill

force acting cc the oplitt~er ring ir. the swx of these tvo forces4

PC=2F A Pt: 2Tt

2Pe :PC+ Pt :2 + Fy a (19)

Tu. direct compressive str-ess in the selitter ring u112. tw**

fa : ±L, (D (20)
2 to He

This st~reas xuat be icess thaa the bumc.ling Or yield ctrongth cf tha

epl.itter ring. The depth of this portion of the rmplitter ring ehoulA be

roomf 60

77 --w ,wf 7 7

POOH 404
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slISy greater than the control ring.

The cove feels the full c roo~res.ye load tppJ tloa th. tube

plus the outward force produced by the friction restraint on the moving

ribbons. The radius ratches the aeslred radius of the ribbons.

If the desired or allovsU•e couprecuive stress fe Is known the re-

quired thicknews to can be calculated. Frca Equation 20,

r0 Dn (a)to Ps +2Afe(1

The ba.se thickness vll depend u bow it is attwbed to the

structuwe or foot.

1D3IGN OF COW-011L RIM7

The control rilme restrains the passe of the tube betveon the

rings. This is -;ccw•plihed by an •intrf-enee fit betve-n the tube

S~and ring. Because the problemi of controlling tolerances is tan costly

for prnctical use this interference is obsined by swellin the tube into

the rlng by means of the splitter ring. The control ring is u•u'A •y

desi•ned to be stretched past its yield stress ks a means of measuring

the aagaitude of the restrainithg force it exerts on the tube. If it

is made of a material with a sha•p knee in the stress strain curve at

yield tha stress level will remasn constant Tor a stretch or several per-

centage po'ints.

In operation the tube is pubsed betwten the control ring and splItter

ring forming curved ribbons as It is extru"ed. These ribbons exert on outward

pull on the bottom of the ring that tends to rotste the top invazd. This

teadmcy Is greatest before the ring starts to move because static friction Is a

.little hier than moving friction. These rings are designed to minimize

this static rotaticnal ctak~tion. A raditu; at the bottam that matches

I'V:
U ' 

•V.

,.- .)L

"-a.8. 
'k4.' " '..,
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the coil radius will ke the bearing stress at a mlo'csm Wd thereby

ro&%=* tbe outward pull. Greater depth Of the ring will Cut the uasol

tua. of the imard force at the top. If the ring is too shbalo It will

chatter. If it is too dez-p It Wa have to !> very thin. Depth also edt1

* to the height of the spltear ring aM increases the total weight.

The required control ring area is determined by the inount of

restraint needed to aWport the design saial loed in the tube. A review

of the total restraint to needed to arrive at a reasonable aproach to

the calculation of the control ring area.

The total energy ic made up of ribbon bentlng, tube expanhion sad

uplittir! and friction. "aae splitting and bending can be ccpbined in a

single constant for each material. The remtoin energ :.9 directly relatedV to friction end the pressure exerted by the conltrol rin4. There in

frilction between the innide or the tube and the fflitter ring as wa]ll

ii asfriction betveen the ouatsde of the tube and the contral ring.

The ienrgy absorbed In berdid iis directly related to the radius of

curvature ol. the ribbon&s md the thic1ness of the tube so the constant

mentlmed above can only fit con set of cmnitlw.

The control rinA is desixued to force the ribbon radius to match

the cove radius o the splitter ring and to raise the total load level

to meet the desioi condition. The total load can be dv-idod into tvo

parts, one part Is the resistance to bending sad splitting anM the other

part Is the resull of friction. In theory the first part can he calculated

froa equations 8 tbroub:h IT or from Fijure 9. Actuwlly It is only valid

in the region whare R/t .Atches the teat pointo sho',r in the fiee.

The seond part can be calculated if the coefficient of friction i@

A;-

" .. " " ".- "- " "" -"
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known. Ta to&oL loed capab••Lty of the energy absorber in question lot

ip: tA+4vr A,, r., (22)

T7is allow. tvo su:-fsce of the tube *,,ected to friaton eand "a'a

the some 0oeffitoiet far bothi Lt Is the "xial tube stress ac&aed by the

resictice to ribbon beading and splitting. "A" is the tube areas f Is

th cocefficient of friction, A. t the arose oectional area of w side

or the control, ring and Fyc is the toinle yialA strengt of t.e ccutrol

ring. Kt c are given in Table I and are ebaed on the toets of

Reference 3. -Awthsr tte sts y change these values.

From Equation (22)

Ac : P XtAt (23)-c-

The design of a crmplete eLerg absorption syrtam cin beo•oc quite

omplex. Tb energr tube It rly a swj6U part of the total vooight

Light veight can only be schieved by careful att'ntim i to 4*taLtls. The

energy tube is a coQ res5ion =eber ead must be designed to receive only

axial loads for greateet etrcieocy, This moans at least two othar -

mebers are needed to ca.rry tbe other load comiponents* In. saw cases

the -targy tube may be fixed at one end with no supporting members. In

thJ. cao the energy tube has a Uori length to d~inater ratio amd the

vorking strees is Iowa
(

If the energy is absorbe- rith a ociastant. deceleration the load

vil be constant and the encrry curve is, a rectange* The total enerrjI!

Ir force times distance : Ms. zn trms of uses m load fstor It It

" .-- • -•S, r,7.7

, . -
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a #V S : WON in ter. of velocity a weam it is 1/M2, the

£ 2

VMS : V/2 WV2

2i

The distauce requiri to stop a given mass Is directly proportional

co the velocity square•dsai icver.y proportical to the load factcr.

The etopping d•!etmne shoulL ')c as short as possible to attain maximum

fficlmncy of the chock absorptico structure saM simplicity of the mechanical

arransaent. The Dymazoro unit provides a reasoaably costaat load over

the full len-th of stroke. However, conniderable ingenuity may _be rent-Mre_

to provide a struture that will keep thin member in ecmpression thrcugh-

out its full stroke.

The snpleet application would probably be thAt of a safety bumper

o an elevator. The elevator cAee would be Cuided by its guide tracks

so the load on the bl=pr cou.ld not be *Aything out axial.

Thare ore certain applichtions where it can aupplement or supplant

a bydr4lic cylinder. Gne nnnIle vn,,4 _- ' e - -- i--n. .. .

with aide and drag braces to allow rotational movewmat to match the con-

traction of the cnergy absorber, A spring or short stroke bydraullo %amt

cla be used for the wall shock. vwith the Dynaorb unit for safety.

See Figurss 10 & 110

it awi be 4ewe " tlreo or more fixed legs on s box or pallet for

dropped cargo. bi tWds case each leg vwuld have lixitvldual feet sad the

tube would toper In thickmess t4, provide a steLdily increasing load.

The leo woald be short to prevent arvsrtrning.

'--,- - -.. ,.... .

,- ,- , . , . - , .:, *, ..-- ," ' ' " , -,-. .<.1 I".t:, . - ' ': . . -- - .. : ' I - ' .. ' ., "." ".'.. .

- " •,'. ." ",• • , [ : • .... • ,,P" o-f,, 'r t- f • -, 4010., ,,-:,: ,

• 'r',,:-' 'T -.,•, " - .1 7- "-, / '•• .,r_ --- ,, N• / "'" "•: • -
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A sicoad motb' for a bo' or pellet would ayve tofou pin ended

Dyoenorb logs, each with two braces for d.ra• or side loa, to torm a

tripod with a ekdd or pod at the qpx. The two braceo would rotate about

a hinge lime w the energy member shortened. See Figures 12 a 13.

A tbfrl =t!-,•, of landing a box or pallet would use a rigid frame

for Vromad contect vith four Dynaaorb unmts as lego conneotind the

four corners of the £:rme to the fcur cornere of the box. Diagonal

tensiou ,.res or rods vould take care of the c1de or dzea loai with pluetic

stretch to accoaut for the change in leonth caused by the shorteuning of

the energy absorber. bee Figure l4.

There are many possible useo ar-± metbods of adz,?titn the Dynuorb

thast must be known before detailed design c.&G be started.

If te impact @oniitloas end the particular oocfiguration geametry are

known the design of the energy unit can proceed. The folloving item

mat be determinedt

I, Tube

a. Lengthf

b. Diameter

c. Material

d. Thickness

2. Splitter Ring (Hert Fig. 4)

*. M•aterial

b. Guide Di)eetbr (DG)

c. •uide L(gth )

F0M 402D

14v, 4-rr.

•I?'•":A•,•"-2-' ;.,-- %~ ..-- .- ,.-.

•.• , "-, .. - •- ,
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do 0uS4.Thicknaes (te)

go Length of Expasnion Cone(I)

t. Diamter of Swefll" Portion of Ring (Dg)

~.Thickness or Svelled Portiou (t.)

h. Length of Swe)I.1e Portion (Ha)

I* Cova Radiuis or Base Angle (R.c)

J. Base Thickness (Ib)

k. Base Diameter (Db)

3.Control Rind

a. Ilaterial

b. Area of Cut TL-ou~h One Sid

c. Overall Lengthx

d. Diameter

e. Thickness

f. Bottom Pidius

The tube length must allow for fittings and leave a mall marj;1A

for extra travel. The tube dimacter La det~ermined from Equation (2),,

page 6. Where R Is the mean radlua. This is a indailw= d~iamstar for

colwm stability. It can be larg~er bv-t *-,vt neyt be meaLier.

The tube material -L3 chosen arbitrarily,. The Dyva~orb umit re-

presenits ouly a ammll pc.r.tiun of the total veigit of the ~en=Z

absorption systm. Lt the load Is loy it may onl~y be possible with

.agmesium. Beat treatod, Wil0 v3l USUalily work ttst.

The -In'--a tube thickness is deteiudned from Equation (3) or()

page 6. It am be greater but nwver lose then (3).

_ _ __ _ _ _ _ _ _

VO~i 403
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Ths split ter ring is designew Atter the tube size 18 imoVn. If the

load is high the material shoul4 be beat treatable steel. Tvol siteels

wre beet for this purpose. If th. load ib low say mteri~al 4~an be

used. Considerable, vear can result If the materlal Is soft. A 'mrd stw-

face is deulreablep making galling less likely.

The guide leg¶. is arbitrary, It i'sduld be not less than D/J. except

1r those cases vhe"- low load., short columa lengthgansd a frece pin

end is 4esired. In thsre cases it should be well.1 roundied o the en to

prevent eouging the tube vall. This gtu~de does react sae moent in the

tube but the amount is difficult to determine.

The guide dlineter should be s11gM.1.y rcnaller tban thle inside of

the tube. It should slip easily into the tube vl: bout slop. A good

Irmber In the inside tube diwieter less .=0" for each. lch of tube

* diameter.

* ~The guide thickness is also arbitrary but shoultd be at least equal

to the tube tkickness. It could be calculated If the umguitwid ofte

resisting mauent could be determined.

The length of the ex~panslou cme will depend upo the slope sand

the tube d-fmeter. The slope angle should not be mare than 40 to be sawe

the slope is loes than the costelfcent of friction. The length Is

determined by: týýa aogle, the outside diameter of the guide, rAd the

required expansion as determined by Equ"tioa (18), paes I.a.

Tbe diameter of the swelled portion Is determided by 3quatiou (18)

pe 1 1. *This ca be varied som if the deaieper uzid'rstande the reason

for expaniSng the tube sA control ring.

Th. thickness of %be swelled part-Lou Is deterained by EqUation (21),

roome 602

* ~ ~ 4. 0-*--. ~ -

fl-h- L



LOCKHEED * CALIFORNlIA COMPANY
A OIVISION Of LO...KH t 0 AIRCRAFT CORPOR&TION

REVISIONS R____T NO. - 17201
P04E NO 19

" pe 12. It cac be Eroiter but ould not be less. This pc.ticn or

tha splitter ring Is subjected to a very bUh copessive stress frc

the s aeezing actio of the tube and control ring. This cuLressLve

stres. can be calculated aMraLlIately vith Equation (2o), page 11.

be length of the swelled portion is arbitrw-y. It muat provide

a good bearing surface for the control ring pressure. L it Is too

s]at the ring wil. chatter. It mbould have & adn±z leu•th of D/4 ror

high load conditions but can be less if the load is relatively light.

Greater length vill give a smxothar operatim.

The cove radius or basi, eale are also rather arbittary. The cove

raldau canot be less t 3*. The 1nclulod nZle betwveen the stxasght

side a cc€ical base c~anot be less thm 100. TIV.ee Ccr!tir- •_.

tbe t1igtest possible bend rllum a1 the bhibeht eneri' al~sorptiou

through material def'zrmation. A larger rnius or lerger Imnl•ed ar-Le

vorks swotbar but the friction portion of gery ahocu-pttUa is hignwr.

A 80- value to use is 6t for the c¢ve radius or 1350 for the Included

S angle if a comical base Is uped.

Tb. base thickeses on td" 42 m rhings Iat bey bee a parhtco
-. • if the base repts on or strikes a f•lat pLate, In an esaae It

posItIvely aplit the tube. The minlam outside Aiaeter must be (lee)D.

_VW se aLi the maxtaim ratio of the initial tube d.&ioeter "Do to its

possible plastic stretch. A Elo value in cost caaes Is 1.)D.

The cmt'-ol ring mterial is OBosem by tbe york it has to do. It

Vroo & a

'" ."
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ca be of any materil.1 buit should bove a amptant yield strength over

3 or 4% of plastic stretch. 43 40O steel to a p~od materlia for tbis jw-u-

Mm. control ring area is deteradred by Equation (23), Page ~4

k ~This ring is a temelc~ 'ým an Ad to a cross secticcs^. area of a cut

That over% length of the ring lo detexudmd by the bottom radima I
ean it Itzlegth of the straighzt portion. Th. length of the straight

portico~ musat be equal to or less thea the length of the swelled portion

of the splitte ring. In say zsee it should not be lesas thaa D/J4 to J
avoid possible ebatter.

_h t~h__ tthe 'Ie A-totles

tube tyhend co t rima o ec us- httenthe uewl pi

6eoethe ring starbts pcing up costh expansdeion laoier omAl tigit ion

bT cantrol aringt thiveaciestat is aculaedsn fromb teare&idlng the

Altt~mlgh deSIrn proceiduros are atralght f~orward, acme testing is needed.

Thl i.'e.imsol loalwfra*adtoa rvlb kn
U tube a little longer than required.

From tke testa reported in Rieference 4 allowace mait be uiwie for

7"_ _ _ _ _ _ "CA_ _ _ _
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a possibl.e Gjumisi sbok wave iMuced in tUW tube frm high speed

impact. Moze aqperimta.) W~k is neede in tu1. area.

The deesga iL3Ustratims show In Figave 1.0 tbrovO 18 are e%4ested

ipyroachos to a raw specific spplicatioas.

In cowlusion It is ag&in poin-ýA ouzt that there Is a need for

fur-ther testing to establish moe cuVAete d..sip dasa. This Incl~des

i~nvesttgations of the faol~cvin vaxiat. =a

I. Materials (types and tealprs).

2. ?'Ube dimLaesona (site eLffect,, ad vsaiatims la ratio nf &ireanteir) I
'to VsX3. tbickness).j

3. Effect of rata~ of 3x.5ii~ (ec.-lcinl1j' at velocities La V.-ý-

The Dynos-rb cotfi41zrtic as WwLrgýEigA at,.c!cUt 5 t40

establish Its cbarL.,t.-ristics &,id evy-r-icr rspz alisoi-pil ccloetbilJtties.

j However, specfic. aýpl~iicatlon vili reqwre 4evrsyfio~eft Uttvfl to saaa
extert, depeoi~ng con the corplexty ce the 1r..itellst1oa =A the averol3.

shock atbaorptioa reqV4.rcent* * Te W±t-Sun.l test data abouQ1 be

obtsined, +týwwefare, to maske the DywAsorb prUincipl aor roadl~ly Useable

to the desipmeg wd to minimize tzia required G~elcsecnum effort for

Xa :ld:t~iotoe need frot air.'i wre ro,-1zra dats oa the j~
stanedai Dynzs=4 ecufigmeticz., ttore Is sso aneed ror devteloping

an 4Ct1A.oInt sock inbsoMpti metbod in the rery 12awv l.oad ram. Tube

diameter and vel. thickises limitations ?reolue the uao Of tubing I

e.tril 1 wver7 lvIce: tuleas fl Yuping a 0c'a EI' feria*
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obsupt±on um~t is believed :ea~able. Dwv.1op.int ct th vire satbUislfe

sonfiguratias JAe recamend " on o&1ticual vW tasud -kJ the

Dyisaxob =Ilt a some of a.oarbing umebanical. emr over the coqýlote

D Ttk. outside d~meter, In.

Db Bose 4±owu, in.

Do Ov Qid* d~tr In

Ht4ouluujs elj~tieity, pal

t Coefficient uf friction

fepBlitter v-U stress., psi

A21vouab2 ccepressivv stress in t-abe, pal

Cowreassve yield strength or tue, G

8La aJ stinqeu~tn acoa.i rwgP =f wu tesinsiC, psi

p yt yield strentigt, tut Li in hOap tension, psi

1 Acceleration of gravity, Ft/soc?

Bb Bass deptA, In

so Cone depth# in*

26 velled station aepth,, in..

K tube biuckIzn& consant, .35 to .115

'.4- - p
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I zu (Cont.)
Tube pleaftio defonstion constant1 pot

a Load factor

I P Load.,lbs.

PC Rladial load in coatrol rinf, lbs/in..
PIS Radial load in splitter ring, lbs/In.

4 Pt Radial load In tube, ibo/iza.

R Tube meana radlais, in.

*s DIiutance, ft.
t Tube via1l thic)meda, In.

I t' Splitter veil tbickness, In.c kicncs n

v Velocity, ft/sec.

v Weight, lbs.

JX Weight of unapecitfed tube, lbs.

wY Wsk~pec~fied wnuber

A~~M KIg~ divnx.1v. lA~i

1. M4itchefll Bruce, "C(ne-.b~t Enerey Absorption Devicoeo", Lit 16363,

Lockheed -Califormlia Cmoensy, Burbank, Calllarirord, Uavember 12, 1962.

2. 14±t~cbvf, IBrue, "The PywAaorb Enarrpy Abowber ", WR 16735, Lockheed-

California CovT&Av, Wwbank, California, March 18, 1963.

;- 
.
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3e Mitabol, *we *8bmk Absorption With On*,*aot Towes' La 16869..

Lockb.d-CafWorle Caq'aay0 bwtmko Calif om, AvuiaiM9, 1j963.

Alro mn W2e.-3 '1,000 .067 2#500 50,000

Brass 7,000 .156 3,000 59,000D

Maopeim AZ 317P5C0 f ,5m 31,000

Csonp Z-1 17,500 1 '1#300 50,030

MiL2 Bt"..1M.~5 11,000 1 119 7,0 aI 000

'11130 5t~ U.?. =2,000 I5OD1-0 12,C00 113,000

34130 Bt.@l S.T. 160,.000 25,000 .104. 130,=0 X60,OqUp

3413v St..l 3.?. 200,P000 25,000 WAM 13,000 198,000

StaALUeaS ateel Typo 30'1 258ooo 1 12.20000 200000

?trten1u (PUre) 25,,000 1 ,8j,000 70,000

Timu 6hz. 'v 15,000 I 8,50D ia~vODO

?Inteolu 3-12D VCA 1 30,000 130.000

W 3f: No. 3, p.66

4111

4.
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~ CONTROL RING

SPLUTTER RING

FIO. 1. -DYNASORB ENERGY UNIT

fieV.

po 4WD
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Fig. Z - Lynasorb unit after drop test.
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ris. s.- CONE TYPE SPLITTER RINGS ii
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FIG. 4.- COVE TYPE SPLITTER RINGS
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FIG. 5.- CONTROL RINGS
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NOTE:

-~-COIL RADIUS OVER TUBE TH$CKNESS

SKE DISCU35ION ON PACE 9 FOR LIMITS.

q
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0

DYW4ASORB TUBE
&-ICIPOSS SECTION SHOWN IN FIG. 11.)

"-DRAC ARDt SIDE D1RACES H

nIG. 10 - LANDING GEAR APPLICATION

,~u hc4

roo &M*** '
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-- DYNABORD TU8E

9 I LOW LQVL) fa4V"'_U

SPLITTER RING

LOW LOAD SHOCK SPRING

FIG II -DYNASORD UNIT WIT4 LOW LOAD SPRING
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PAE NO

DRAG OR SIDE
BRACE

VIEW LOOKING UP ( SKIDS OMITTED )

u IT
(SEE FI0. 13.)

FWD me

Fie. or. - PARACHUTE DROPPED PACKAGE WITH SKIDS
I;•

* row 4m

Ire

.X - . •
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I"
DYNASONB UNIT

• I |DRAG C;RAGE E•

r.!

FIG 15CORNER SHOCK AI3SORSER FORI

PARACHUTE DROPPED PACKAGE
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CARGO CONTAINER

fOYT MAGORS

~OR 0 WIRES
(PLASTIC STRETCH)

1S10 FRAME

iris. o4.- LOW LOAD FACTOR PARACHUTE

DROPPED CARGO PACKAGEk

77, 7i
"* ~ *~-~' ' r KU A
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CARGO CONTAINER

II - II
FIXED DYNASORB NT-"

"RIGID FRAME

Fo. is. - RIGID PALLET HIGH LOAD FACTCR

APPLICATION FOR AIR DROPPED CARGO

• .•• ;. :• -. - . .
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CONVENTIONAL RUMPIER

DYWASORD
UNIT I

FI.ie. I- RIGID BUMPER INSTALLATION FOR HIGH LOAD FACTOR

CONVENTIONAL GUMPER

DYNASORI UNITI

I CAR FRAME

Pic I? BMPE INTALATONLOW LOAD PLUS HIGH LOAD

flow "to
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SUPPORTING POST

VERTICAL -

DIAGOE;AL TENSION RODS

DYNASORS UNIT

Al-4

Fie. is -HIGHWAY GUARD RAIL INSTALLATION

P~U 440


